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Hydrogeology, Ground-Water Quality, and Potential
for Water-Supply Contamination near an Abandoned
Wood-Preserving Plant Site at Jackson, Tennessee

By William S. Parks, June E. Mirecki, and James A. Kingsbury

Abstract

An investigation was conducted by the
U.S. Geological Survey from 1990 to 1993 to
collect and interpret hydrogeologic and ground-
water-quality data specific to the American
Creosote Works (ACW) abandoned plant site at
Jackson, Tennessee. The purposes of this
investigation were to determine the extent and
magnitude of ground-water contamination in
offsite areas and to assess the potential for
contamination of water-supply wells.

Direct Push Technology was used to col-
lect water samples from the alluvial aquifer at
six offsite stations near the ACW site at depths
of less than 40 feet below land surface. In
addition, 36 wells were installed in clusters of
6 wells at the 6 offsite stations to collect water
samples from the alluvial aquifer at depths of
less than about 40 feet and from the Fort Pil-
low aquifer at depths of as much as about
150 feet below land surface.

Ground-water samples collected with
Direct Push Technology methods were
analyzed for polynuclear aromatic hydrocar-
bons, phenolic compounds (including
pentachlorophenol), and nitrogen-containing
heterocyclic compounds using high-
performance liquid chromatography. These
samples also were analyzed for a selected list
of volatile organic compounds using gas chro-
matography with photo-ionization detection.
Water samples pumped from the 36 wells were
analyzed for selected volatile and semi-volatile

organic compounds and for trace elements and
major inorganic constituents.

Most contaminants in offsite areas were in
samples from some wells screened in the allu-
vial aquifer. Naphthalene and volatile organic
compounds were detected at concentrations that
ranged generally from 0.2 to 20 micrograms
per liter. Concentrations of all organic com-
pounds were below State primary maximum
contaminant levels for drinking water, Most
contaminants are suspected to have been sorbed
onto clay-mineral surfaces, or to have been
degraded by microbial activity in the alluvial
aquifer beneath the ACW site, before reaching
the offsite areas.

Low concentrations of a few volatile
organic compounds also were detected in sam-
ples from some offsite wells screened in the
deeper Fort Pillow aquifer. Benzene and
xylene were detected at concentrations ranging
from 0.2 to 0.9 micrograms per liter, at depths
of as much as 135 feet below land surface.
However, semi-volatile organic compounds that
commonly characterize contamination from
wood-preserving processes were not detected in
the Fort Pillow aquifer.

Two wells in the Jackson Utility Division
South Well Field and an industrial well
screened in the Fort Pillow aquifer east (upgra-
dient) of the ACW site were sampled. The
samples were analyzed for the same organic
compounds and inorganic constituents as the 36
offsite wells near the ACW site.
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Tetrachloroethylene, trichloroethylene, chloro-
form, and other volatile organic compounds
were detected at low concentrations in water
from these three wells. The detection of these
contaminants, which are not commonly associ-
ated with woodpreserving processes, in the
well-field wells is problematic inasmuch as
many possible sources for these contaminants
exist in the well-field area.

In addition to sampling the three wells in
the Fort Pillow aquifer east of the ACW site, a
domestic well, an industrial well, and an agri-
cultural well screened in this aquifer west
(downgradient) of the site were sampled. No
contaminants from the ACW site were detected
in the samples from these wells.

INTRODUCTION

American Creosote Works, Inc. (ACW) oper-
ated a wood-preserving plant at Jackson, Tennessee,
for about 50 years (1930°s until December 1981).
Both creosote and pentachlorophenol (PCP) were
used in the wood-preserving processes. Operations
at this facility caused significant soil, surface-water,
and ground-water contamination, and in 1984, the
abandoned plant site was placed on the U.S. Envi-
ronmental Protection Agency (USEPA) Superfund
National Priorities List. Although a Remedial
Investigation/Feasibility Study (RI/FS) was con-
ducted at the ACW site for the USEPA (S&ME,
Inc., 1988), available data were inadequate to
assess the associated effects on nearby surface water
or to delineate and characterize any offsite ground-
water contamination. Subsequently, the U.S. Geo-
logical Survey (USGS) in cooperation with the
North Superfund Remedial Branch, Waste Manage-
ment Division, of the USEPA, Region IV, con-
ducted investigations from 1990 to 1993 to deter-
mine and document toxicological effects on nearby
surface waters, to delineate and characterize any
ground-water contamination in offsite areas, and to
assess the potential for contamination of water-
supply wells.

Purpose and Scope

This report summarizes the results of the
USGS investigation of ground-water contamination
in areas near the ACW site and presents the
hydrogeologic, water-level, and water-quality data

collected. The report also summarizes the field
work conducted and procedures followed during the
investigation (Appendix 1) and presents geologic
information from stratigraphic test holes and con-
struction details for wells installed (Appendix 2).

The specific objectives of the ground-water
investigation were to determine the areal extent and
magnitude of contaminants in ground water in areas
near the ACW site and to assess the potential for
water-supply contamination from the site with
emphasis on the municipal wells in the Jackson
Utility Division JUD) South Well Field. The
offsite ground-water investigation was limited to
areas within about 500 feet to the south and west of
the ACW site. The assessment of the potential for
water-supply contamination was limited to an area
within a 2-mile radius of the site.

Approach

Because areas where the offsite ground-water
investigation was to be conducted were located in
low-lying, swampy terrain, and because depths of
possible contaminant migration determined during
the work conducted for the onsite RI/FS (S&ME,
Inc., 1988) exceeded the capabilities of most small,
lightweight drilling rigs, much consideration was
given to the selection of subsurface exploration and
ground-water sampling methods before the offsite
investigation was begun. Direct Push Technology
(DPT) of In-Situ Technology, Orlando, Florida,
and a modified-auger method of subsurface explora-
tion and ground-water sampling were evaluated at
two onsite ground-water data-collection stations at
the ACW site to determine the suitability of these
methods for use during the offsite investigation
(Parks and others, 1993). In addition, gas chroma-
tography with photo-ionization detection (GC/PID),
high-performance liquid chromatography (HPLC),
CHEMetrix phenol analysis, and Microtox bioassay
methods for water-quality analysis also were
evaluated.

Results from this evaluation showed that DPT
methods were useful for lithologic data and ground-
water-sample collection to depths less than about
35 feet below land surface, which was the approxi-
mate depth limit of penetration refusal of the DPT
piezocone and Hydrocone tools. Ground-water
samples collected with the modified-auger method
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proved to be susceptible to downhole contamination
once contaminated zones were penetrated. Of the
four water-quality-analysis methods evaluated, the
GC/PID and HPLC proved to be the most effective
in detecting contaminants in ground water (Parks
and others, 1993).

On the basis of the onsite evaluation of meth-
ods, DPT was used for collecting lithologic data
and ground-water samples to depths of about
40 feet below land surface (depth of penetration
refusal) at six offsite stations and GC/PID and
HPLC were used for analysis of the ground-water
samples collected. In addition, six wells were
installed at each of the six offsite stations. Three at
each station were screened at depths less than about
35 feet below land surface (depths determined from
the DPT work and GC/PID and HPLC analyses),
and three wells were screened from about 40 to
150 feet below land surface (depths determined
from stratigraphic test holes drilled at each station).

Major work tasks performed for the offsite
ground-water investigation and the assessment of
the potential for water-supply contamination were:

(1) inventorying water-supply wells within a
2-mile radius of the ACW site;

(2) recording water levels continuously in 1
shallow well and 1 deep well onsite;

(3) drilling stratigraphic test holes at 3 onsite
and 6 offsite stations;

(4) conducting DPT work to collect lithologic
data and ground-water samples at the 6
offsite stations;

(5) analyzing these ground-water samples
using field GC/PID and laboratory HPLC
methods;

(6) installing and developing 36 wells for
ground-water sample collection at the 6
offsite stations,;

(7) measuring water levels in 33 onsite and
36 offsite wells, during seasonal high and
low water levels;

(8) sampling the 36 wells installed at the 6
offsite stations;

(9) sampling 6 water-supply wells screened in
the Fort Pillow aquifer and 1 screened in
the alluvial aquifer within a 2-mile radius
of the site;

(10) analyzing the water samples collected
from the 36 offsite wells and 7 water-
supply wells;

(11) compiling and interpreting hydrogeologic,
water-level, and water-quality data; and
(12) preparing this report for publication.

SITE DESCRIPTION

The ACW abandoned plant site (fig. 1) is
located in the southwestern part of the city of Jack-
son, Madison County, Tennessee. The site, which
is approximately 60 acres in size, is bounded on the
north by Central Creek, on the east by industrial
properties, on the south by the Seaboard Railroad
and the South Fork Forked Deer River, and on the
west by Central Creek.

The ACW site is on the alluvial plain of the
South Fork Forked Deer River, the major stream
draining the Jackson area. The river flows from
southeast to northwest where it passes near the
southwestern corner of the site (fig. 1). Central
Creek, a minor tributary to the South Fork Forked
Deer River, flows generally westward from an
urban area in west Jackson, through a commercial
and industrial area, and along part of the northern
border of the site. Near the northwestern corner of
the site, the creek turns approximately 90 degrees,
flows southeastward along the site’s western border,
and enters the South Fork Forked Deer River near
the southwestern corner of the site.

The terrain at the ACW site is flat except for
the relief provided by the stream channels, which is
about 15 feet in the area. Land-surface altitudes
range from about 340 feet above sea level along the
South Fork Forked Deer River to about 350 feet
near the northeastern corner of the site. The site is
partially protected from flooding by levees on the
west and south.

Nearby areas to the west and south of the
ACW site--called "offsite areas” for purposes of
this report--where the ground-water investigation
was conducted are on the swampy alluvial plain of
the South Fork Forked Deer River and are subject
to seasonal flooding. These areas are separated
from the site by Central Creek and the embankment
of the Seaboard Railroad. Access to the offsite
areas is along a utility line right-of-way that crosses
the alluvial plain for a distance of about 1/2 mile
from improved roads. For these reasons, the off-
site areas generally are accessible only during dry
times of the year.
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HYDROGEOLOGY

The ACW site is located on the eastern limb of
the Mississippi embayment, a broad structural
trough or syncline that plunges southward along an
axis that approximates the Mississippi River (Cush-
ing and others, 1964). This syncline is filled with a
few thousand feet of unconsolidated to semiconsoli-
dated sediments comprising formations of Creta-
ceous and Tertiary age. These formations dip gent-
ly westward into the embayment and southward
down the axis. Overlying the Cretaceous and
Tertiary sediments in many areas are the fluvial
deposits, loess, and alluvium of Tertiary(?) and
Quaternary age. Post-Cretaceous geologic units
underlying the ACW site are the Clayton Forma-
tion, Porters Creek Clay, Old Breastworks Forma-
tion, and Fort Pillow Sand of Tertiary age and the
alluvium of Quaternary age (table 1).

Aquifer Description and Structural Relations

The Fort Pillow Sand and the alluvium consist
primarily of sand with silt and clay lenses at vari-
ous stratigraphic horizons. These units constitute
the Fort Pillow aquifer (Parks and Carmichael,
1989) and the alluvial aquifer. In the area of the
ACW site, the Fort Pillow and alluvial aquifers are
not separated by a confining unit of any significant
thickness or areal extent. However, because dif-
ferences in silt and clay content in the sands affect
contaminant migration in the subsurface beneath the
ACW site, the Fort Pillow and alluvial aquifers are
treated as separate aquifers in this report.

The uppermost alluvium consists primarily of
clay and silt with some interbedded fine sand and
serves as a relatively thin (0 to 20 feet thick) upper
confining unit for the alluvial and Fort Pillow aqui-
fers. The Clayton Formation and the Porters Creek
Clay consist predominantly of clay and serve as a
relatively thick (about 215 feet thick) lower confin-
ing unit separating the Fort Pillow aquifer from the
deeper McNairy aquifer (table 1). The Old Breast-
works Formation, between the Porters Creek Clay
and the Fort Pillow Sand, consists primarily of very
fine to fine sand with clay interbeds and may serve

more as a part of the lower confining unit than as
an aquifer.

Nine stratigraphic test holes (table 2) were
drilled through the alluvium, Fort Pillow Sand, and
Old Breastworks Formation into the Porters Creek
Clay at onsite stations 4, 6, and 7 and offsite sta-
tions OSGW1 through OSGW6 (fig. 2). Lithologic
descriptions from samples collected and the geo-
physical logs made in these test holes are given in
Appendix 2.

The boundary between the top of the Porters
Creek Clay and the base of the overlying Old
Breastworks Formation (where present) or Fort
Pillow Sand is the most distinctive contact encount-
ered in the stratigraphic test holes drilled at the
three onsite and six offsite stations. The structure-
contour map (fig. 2) of the top of the Porters Creek
Clay indicates that its contact with the overlying
Old Breastworks Formation or Fort Pillow Sand has
an approximate dip of 20 to 30 feet per mile to the
southwest beneath the central and western parts of
the ACW site. In the northeast corner of the ACW
site, the altitude of the top of the Porters Creek
Clay in stratigraphic test hole Md:G-326 was about
35 feet lower than in the eight other test holes
(fig. 2, table 3). This anomaly is interpreted to be
relief (perhaps, a channel feature) on an erosional
surface at the top of the Porters Creek Clay.
Russell and Parks (1975, p. B24) determined that
relief on this surface (contact between the Porters
Creek Clay and Wilcox Formation in their report)
locally is as much as 50 feet in the outcrop area in
western Tennessee.

The anomaly in altitude of the top of the Por-
ters Creek Clay at the ACW site could be the result
of a fault. Evidence for a fault, however, is equiv-
ocal. Layers of rock (claystone or siliceous sand-
stone) interbedded with silty clay or silty sand that
were encountered in the Porters Creek Clay near
the bottoms of test holes Md:G-326, Md:G-360,
and Md:G-362 (fig. 3, Appendix 2) may represent
a continuous unit in the Porters Creek Clay under-
lying the site. If so, the difference in altitude of the
top of the Porters Creek Clay in test hole
Md:G-326 and the other test holes supports the
hypothesis that the anomaly is the result of relief on
an erosional surface.
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Table 1. Post-Cretaceous geologic units underlying the American Creosote Works abandoned plant site at Jackson,
Tennessee

[Compiled from lithologic and geophysical logs of test holes drilled at the site and at the University of Tennessee Agricultural Experiment Station
1 1/2 miles northwest, and reports by Schneider and Blankenship (1950), Milhous (1959), Parks (1968), Russell and Parks (1975), and Parks and
Carmichael (1989)]

System Series Group Stratigraphic unit Thickness Lithology
(in feet)

Sand, silt, clay, and gravel.
Underlies the alluvial plain of

Holocene the South Fork Forked Deer
Quaternary and Alluvium 30-40 River. Upper part consists of
Pleistocene (Alluvial aquifer) clay, silt, and fine sand; lower

part consists of fine to coarse
sand containing some gravel.

Sand, silt, clay, and minor lignite.

Eocene Consists of Ienses of medium to
Fort Pillow Sand 90-135 coarse and fine to medium sand
? (Fort Pillow aquifer) with Ienses of silt and clay at

various stratigraphic horizons.

Wilcox

Sand, silt, clay, and lignite. Con-
Old Breastworks 0-35 sists of fine to medium and fine
Formation to very fine sand with lenses

of silt, clay, and lignite.

Tertiary Clay and Ienses of sand. Consists of
Paleocene a widespread and thick body of
clay with some interbeds of fine
Porters Creek Clay 175 sand. Locally contains thin beds
of claystone in upper part.

Serves as the principal confining
Midway layer separating the Fort Pillow
aquifer from the McNairy aquifer.

Clay, silt, and sand. Overlies the
Clayton Formation 40 Owl Creek Formation and the
McNairy Sand of Cretaceous age.
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Table 5. Description of 36 wells installed at offsite stations OSGW1 through OSGWS near the American Creosote

Works abandoned plant site

[USGS, U.S. Geological Survey]

Altitude of Screened Instaltation
Weli numbers land surface intervai method
Project Looal USGS Latitude Longitude, above sea Hydrogeologic below land  Screen Date A - auger
and for in degrees, minutes, level, unit eurface, diameter, well  H - Hydrauiic
map Tennessee and seconds in feet screened in feet in inches installed rotary
OSGW1-1 Md:G-367 353628 0885005 343 Alluvial aquifer 13 - 18 2 08-18-92 A
OSGW1-2 Md:G-368 353628 0885005 343 Alluvial aquifer 19 - 24 2 08-18-92 A
OSGW1-3 Md:G-369 353628 0885005 343 Alluvium aquifer 27 - 32 2 08-19-92 A
OSGW14 Md:G-370 353628 0885005 343 Fort Pillow aquifer 42 - 52 4 06-25-92 H
OSGW1-5 Md:G-371 353628 0885005 343 Fort Pillow aquifer 92 -102 4 06-30-92 H
OSGW1-6 Md:G-372 353628 0885005 343 Fort Pillow aquifer 128 - 138 4 06-30-92 H
OSGW2-1 Md:G-373 353627 0885011 342 Alluvial aquifer 10 - 15 2 08-20-92 A
OSGW2-2 Md:G-374 353627 0885011 342 Alluvial aquifer 17 - 22 2 08-20-92 A
OSGW2-3 Md:G-375 353627 0885011 342 Alluvial aquifer 24 - 29 2 08-20-92 A
OSGW2-4 Md:G-376 353627 0885011 342 Fort Pillow aquifer 62 - 72 4 06-02-92 H
OSGW2-5 Md:G-377 353627 0885011 342 Fort Pillow aquifer 92 -102 4 06-04-92 H
OSGW2-6 Md:G-378 353627 0885011 342 Fort Pillow aquifer 127 - 137 4 06-09-92 H
OSGW3-1 Md:G-379 353627 0885016 341 Alluvial aquifer 9 - 14 2 08-24-92 A
OSGW3-2 Md:G-380 353627 0885016 341 Alluvial aquifer 15 - 20 2 08-24-92 A
OSGW3-3 Md:G-381 353627 0885016 341 Alluvial aquifer 24 - 29 2 08-24-92 A
OSGW3-4 Md:G-382 353627 0885016 341 Fort Pillow aquifer 36 - 46 4 06-23-92 H
OSGW3-5 Md:G-383 353627 0885016 341 Fort Pillow aquifer 68 - 78 4 06-24-92 H
OSGW3-6 Md:G-384 353627 0885016 341 Fort Pillow aquifer 138 - 148 4 08-06-92 H
OSGW4-1 Md:G-385 353632 0885021 343 Alluvial aquifer 10 - 15 2 08-27-92 A
OSGW4-2 Md:G-386 353632 0885021 343 Alluvial aquifer 22 - 27 2 08-27-92 A
OSGW4-3 Md:G-387 353632 0895021 343 Alluvial aquifer 36 - 41 2 08-27-92 A
OSGW4-4 Md:G-388 353632 0895021 343 Fort Pillow aquifer 48 - 58 4 07-29-92 H
OSGW4-5 Md:G-389 353632 0885021 343 Fort Pillow aquifer 79 - 89 4 07-30-92 H
OSGW4-6 Md:G-390 353632 0885021 343 Fort Pillow aquifer 117 - 127 4 08-04-92 H
OSGW5-1 Md:G-391 353637 0885022 342 Alluvial aquifer 12 - 17 2 08-26-92 A
OSGWS-2 Md:G-392 353637 0885022 342 Alluvial aquifer 19 - 24 2 08-26-92 A
OSGWS5-3 Md:G-393 353637 0885022 342 Alluvial aquifer 27 - 32 2 08-26-92 A
OSGWS5-4 Md:G-394 353637 0885022 342 Fort Pillow aquifer 40 - 50 4 07-14-92 H
OSGWS-5 Md:G-395 353637 0885022 342 Fort Pillow aquifer 83 - 93 4 07-14-92 H
OSGWS-6 Md:G-396 353637 0885022 342 Fort Pillow aquifer 113 - 123 4 07-28-92 H
OSGW6-1 Md:G-397 353639 0885023 342 Alluvial aquifer 10 - 15 2 08-25-92 A
OSGW6-2 Md:G-398 353639 0885023 342 Alluvial aquifer 19 - 24 2 08-25-92 A
OSGW6-3 Md:G-399 353639 0885023 342 Alluvial aquifer 27 - 32 2 08-25-92 A
OSGW64 Md:G-400 353639 0885023 342 Fort Pillow aquifer 50 - &0 4 07-07-92 H
OSGW6-5 Md:G-401 353639 0885023 342 Fort Pillow aquifer 82 - 92 4 07-08-92 H
OSGW6-6 Md:G-402 353639 0885023 342 Fort Pillow aquifer 120 - 130 4 07-08-92 H
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Figure 12. Logs of point-stress data measured with the Direct Push Technology piezocone tool and depths of
ground-water samples collected with the Hydrocone tool at offsite stations OSGW1 through OSGW®6 at the American
Creosote Works abandoned plant site.
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Table 6. Polynuclear aromatic hydrocarbons, phenclic
compounds (including pentachlorophenol), and nitrogen-
containing heterocyclic compounds analyzed in ground-
water samples collected with the Direct Push Techno-
logy Hydrocone tool at offsite stations OSGW1 through
OSGWS6 near the American Creosote abandoned plant

site

[Minimum detection limit, in micrograms per liter, in parentheses]

Polynuclear aromatic Nitrogen-containing
hydrocarbons heterocyclic compounds
Benzothiophene (1) Isoquinoline (2)
Indene (1) Isoquinolinone (2)
Naphthalene (1) Quinoline (2)
1,2-Dihydroacenaphthalene (1) Quinolinone (2)
2-Methylnaphthalene (1) 2-Methylquinoline (5)
Phenolic compounds
2,3-Dimethlyphenol (5) 3,5-Dimethylphenol (5)
2,4-Dimethylphenol (5) 2-Methylphenol (5)
2,5-Dimethylphenol (5) 3-Methylphenol (5)
2,6-Dimethylphenol (5) Pentachlorophenol (5)
3,4-Dimethylphenol (5) Phenol (5)

Table 7. Volatile organic compounds analyzed in
ground-water samples collected with the Direct Push
Technology Hydrocone tool at offsite stations OSGW1
through OSGW8S6 near the American Creosote Works
abandoned plant site

Minimum detection Emit 1 microgram per liter

Benzene Toluene
Chlorobenzene m-Xylene
Ethylbenzene o-Xylene

Methyl-tert-butyl ether
Minimum detection limit § micrograms per liter

1,1,2,2-Tetrachlorocthane
Tetrachloroethylene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene

Vinyl chloride

Chloroform

2-Chloroethy! vinyl ether
trans-1,2-Dichloroethylene
1,1-Dichloroethane
1,2-Dichloroethane
1,2-Dichloropropane
Methylene chloride

1984a), and 602, aromatics (U.S. Environmental
Protection Agency, 1984b) are reported here. For
comparison, VOC’s measured in ground-water

samples using GC/PID from onsite stations 2 and 5
were: BTEX’s, methyl-tert-butyl ether,
1,1-dichloroethane, methylene chloride, and trichlo-
roethylene (Parks and others, 1993).

BTEX compounds, except benzene, were the
most common VOC’s measured in offsite water
samples collected from the alluvial aquifer with the
DPT Hydrocone tool (table 8). The most common
BTEX compound was xylene (including both
m-xylene and o-xylene), which was detected in
some ground-water samples from all offsite sta-
tions. Xylene concentrations ranged between
2 pg/L (many samples; table 8) and 790 ug/L (one
sample; station OSGW6, 11-12 feet). For compari-
son, xylene concentrations in ground-water samples
from onsite stations 2 and S ranged between 9 and
1,300 pg/L in alluvial aquifer samples collected
above 35 feet (Parks and others, 1993). Where
detected, concentrations of ethylbenzene ranged
between 2 and 10 ug/L (table 8). For comparison,
ethylbenzene concentrations in ground-water sam-
ples from onsite stations 2 and 5 ranged between 2
and 1,900 ug/L in alluvial aquifer samples collected
above 35 feet (Parks and others, 1993).

Benzene was measured in onsite ground-water
samples from stations S and 2 at concentrations
exceeding the primary MCL of 5 pg/L (Tennessee
Department of Environment and Conservation,
1993), but was not detected in any offsite ground-
water sample collected with the DPT Hydrocone
tool. Toluene was detected only in offsite ground-
water samples from station OSGW6, at concentra-
tions ranging between 2 and 5 pug/L (table 8).

VOC’s and SVC’s also were measured in offsite
water samples collected from the alluvial aquifer
and Fort Pillow aquifers by pumping the 36 wells at
stations OSGW1 through OSGW6 (Appendix 1).
These samples were analyzed for a selected list of
VOC’s and SVC’s (table 9), by the USGS National
Water Quality Laboratory (NWQL). VOC concen-
trations in water samples pumped from wells at
offsite stations OSGW1 through OSGW6 are dis-
cussed here; SVC concentrations from these same
samples are discussed later in the text.

BTEX compounds were the principal VOC’s
detected in samples pumped from offsite wells
screened in the alluvial aquifer, and analyzed by the
NWQL. Where detected, BTEX sum concentra-
tions ranged between 0.2 and 4.6 ug/L, with high-
est BTEX sum concentrations reported for water
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Table 8. Concentrations of volatile organic compounds detected in ground-water samples collected with the Direct
Push Technology Hydrocone tool at offsite stations OSGW1 through OSGW®6 near the American Creosote Works
abandoned plant site, July-August 1992

[Analyses conducted by Environmental Management Corp., Orlando, Florida, using a Photovac 10S50 gas chromatograph with photo-ionization
detection (GC/PID). Concentrations are in micrograms per liter (ug/L); (TDEC) Tennessee Department of Environment and Conservation, 1993,
(MCL) primary maximum contaminant levels for drinking water; "none” indicates no established maximum contaminant level for the compound]

Volatile Analytical method Offsite Depth of
organic minimum detection station Hydrocone Conoentration TDEC
compound limit number sample detected MCL
(polL) (feet) {(pgiL) {pgil)
Ethylbenzene 1 OSGW1 27 - 28 2 none
OSGW1 30.5 - 31.5 2
0OsSGW2 21 - 22 2
0OSGwW4 14 - 15 10
0OSGW4 40 - 41 3
OSGWS5 19 - 20 2
OSGW6 17 - 18 6
OSGW6 26 - 27 7
Toluene 1 OSGW6 i1 - 12 2 none
OSGW6 14 - 15 3
OSGW6 26 - 27 5
m-Xylene 1 OSGW1 29 - 30 4 none
OSGW3 13.5 - 145 3
0OSGW4 14 - 15 3
OSGW4 22 -23 3
OSGWS 16 - 17 3
OSGW5 31 - 32 4
OSGW6 11 - 12 790
OSGW6 23 - 24 2
OSGW6 26 - 27 10
OSGW6 30 - 31 14
o-Xylene 1 OSGW1 27 - 28 28 none
OSGW1 29 - 30 3
0OSGW2 14 - 15 2
OSGW2 21 - 22 2
OSGW2 23 - 24 2
oSGwW3 10 - 11 2
osSGW4 29 - 30 2
0OsSGwW4 35 - 36 12
OSGWS 16 - 17 5
OSGWS 19 - 20 3
OSGWS 31 - 32 15
OSGW6 17 - 18 " 2
OSGW6 23 - 24 2
OSGW6 26 - 27 15
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Table 9. Volatile and semi-volatile organic compounds analyzed in water samples collected by pumping 36 wells at
offsite stations OSGW1 through OSGW®6 near the American Creosote Works abandoned plant site

Volatile organic compounds

(Minimum detection limit, in micrograms per liter, in parentheses]

Acrolein (20)

Acrylonitrile (20)

Benzene (0.2)
Bromobenzene (0.2)
Bromochloromethane (0.2)
Bromoform (0.2)
n-Butylbenzene (0.2)
sec-Butylbenzene (0.2)
tert-Butylbenzene (0.2)
Carbon tetrachloride (0.2)
Chlorobenzene (0.2)
Chlorodibromomethane (0.2)
Chloroethane (0.2)
2-Chloroethyl vinyl ether (1.0)
Chloroform (0.2)
Chloromethane (0.2)
2-Chlorotoluene (0.2)
4-Chlorotoluene (0.2)

1,2-Dibromo-3-chloropropane (1.0)

Dibromomethane (0.2)
1,2-Dibromoethane (0.2)

1,2-Dichlorobenzene (ortho) (0.2)
1,3-Dichlorobenzene (meta) (0.2)
1,4-Dichlorobenzene (para) (0.2)
Dibromochloromethane (0.2)
Dichlorodifluoromethane (0.2)
1,1-Dichloroethane (0.2)
1,2-Dichloroethane (0.2)
cis-1,2-Dichloroethene (0.2)
1,1-Dichloroethene (0.2)
trans-1,2-Dichloroethylene (0.2)
1,2-Dichloropropane (0.2)
1,3-Dichloropropane (0.2)
2,2-Dichloropropane (0.2)
1,1-Dichloropropene (0.2)
cis-1,3-Dichloropropene (0.2)
trans-1,3-Dichloropropene (0.2)
Ethylbenzene (0.2)
Hexachlorobutadiene (0.2)
Isopropylbenzene (0.2)
p-Isopropyltoluene (0.2)
Methylbromide (0.2)

Semi-volatile organic compounds

Minimum detection limit, in micrograms per liter, in parentheses}

Acenaphthene (5)
Acenaphthylene (5)

Anthracene (5)

Benzidine (40)
1,2-Benzo(a)anthracene (10)
Benzo(b)fluoranthene (10)
Benzo(k)fluoranthene (10)
1,1-Benzo(g,h,1)perylene (10)
Benzo(a)pyrene (10)
4-Bromophenyl phenyl ether (5)
Butyl benzyl phthalate (5)

bis (2-Chloroethyl)ether (5)

bis (2-Chloroethyl)methane (5)
bis (2-Chloroisopropyl)ether (5)
4-Chloro-3-methylphenol (30)
2-Chloronaphthalene (5)
2-Chlorophenol (5)
4-Chlorophenyl phenyl ether (5)
Chrysene (10)

Dibenzo(a,h)anthracene (10)
Di-n-butyl phthalate (5)
1,2-Dichlorobenzene (5)
1,3-Dichlorobenzene (5)
1,4-Dichlorobenzene (5)
3,3-Dichlorobenzidene (20)
2,4-Dichlorophenol (5)
Diethyl phthalate (5)
2,4-Dimethylphenol (5)
Dimethyl phthalate (5)
4,6-Dinitro-2-methylphenol (30)
2,4-Dinitrophenol (20)
2,4-Dinitrotoluene (5)
2,6-Dinitrotoluene (5)
Di-n-octyl phthalate (10)
1,2-Diphenylhydrazine (5)
bis(2-Ethylhexyl)phthalate (5)
Fluoranthene (5)

Fluorene (5)

Methylene chloride (0.2)
Methyl-tert-butyl ether (1)
Naphthalene (0.2)
n-Propylbenzene (0.2)
Styrene (0.2)
1,1,1,2-Tetrachloroethane (0.2)
1,1,2,2-Tetrachloroethane (0.2)
Tetrachloroethylene (0.2)
Toluene (0.2)
1,2,3-Trichlorobenzene (0.2)
1,2,4-Trichlorobenzene (0.2)
1,1,1-Trichloroethane (0.2)
1,1,2-Trichloroethane (0.2)
Trichloroethylene (0.2)
Trichlorofluoromethane (0.2)
Trichlorotrifluoroethane (0.5)
1,2,3-Trichloropropane (0.2)
1,2,4-Trimethylbenzene (0.2)
1,3,5-Trimethylbenzene (0.2)
Vinyl chloride (0.2)

Xylenes (total) (0.2)

Hexachlorobenzene (5)
Hexachlorobutadiene (5)
Hexachlorocyclopentadiene (5)
Hexachloroethane (5)

Indeno (1,2,3) pyrene (10)
Isophorone (5)

Naphthalene (5)

Nitrobenzene (5)
2-Nitrophenol (5)
4-Nitrophenol (30)
n-Nitrosodimethylamine (5)
n-Nitrosodiphenylamine (5)
n-Nitroso-di-n-propylamine (5)
Pentachlorophenol (30)
Phenanthrene (5)

Phenol (5)

Pyrene (5)
1,2,4-Trichlorobenzene (5)
2,4,6-Trichlorophenol (20)
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samples from well OSGW6-1 (table 10). Benzene
was measured at concentrations ranging between
0.2 and 0.4 pg/L where detected in water samples
from the alluvial aquifer. Toluene was detected in
ground-water samples collected offsite, but these
low concentrations may be the result of a quality
assurance/quality control (QA/QC) problem
(Appendix 1). Water samples from 8 of the 24
wells suspected as being affected by a QA/QC
problem were resampled in January 1993 and ana-
lyzed for VOC’s. Neglecting the analyses that
might have been affected by a QA/QC problem,
toluene was detected in samples from three wells
(OSGW4-1, OSGW4-5, and OSGW6-2) at concen-
trations of 0.2 to 0.3 pg/L (table 10, second sam-
ple). Ethylbenzene was detected in two ground-
water samples at concentrations of 0.2 ug/L
(OSGW6-1) and 0.3 ug/L (OSGW6-3). Xylene
concentrations ranged between <0.2 and 1.6 ug/L
where detected. Highest xylene concentrations
were measured in water samples from wells
OSGW6-1, OSGW6-2, and OSGW6-3 (table 10).

BTEX concentrations measured in water sam-
ples collected with the DPT Hydrocone tool from
the alluvial aquifer generally are 10 times greater
than BTEX concentrations measured in water sam-
ples pumped from wells screened in this aquifer.
One reason for this disparity is that the interval
sampled by DPT was 1 foot, while the screened
interval for wells in alluvial aquifer was 5 feet.
VOC concentrations may be diluted in samples
from pumped offsite wells because of the greater
vertical interval sampled, and the heterogeneous
distribution of contaminants in the aquifer.
Although precautions against VOC loss were per-
formed and the ground-water samples were chilled
before express transport (Appendix 1), it is pos-
sible that VOC concentrations could diminish by
volatilization during sample collection and trans-
port.

Individual BTEX compounds in water samples
collected from the alluvial aquifer with the DPT
Hydrocone tool were measured at concentrations
commonly ranging between 2 and 28 pg/L
(table 8). Individual BTEX compounds in water
samples collected from the 18 wells screened in the
alluvial aquifer were measured at concentrations
less than 2.1 pg/L (table 10). Considering the
spatial distribution of BTEX compounds, at least
one BTEX compound was detected in water sam-

ples collected with the DPT Hydrocone tool at each
offsite station (table 8). In contrast, BTEX com-
pounds were not detected in water samples collected
from wells at stations OSGW1, OSGW2, and
OSGWS3 (table 10). Therefore, a greater number of
BTEX compounds were detected at higher concen-
trations in offsite water samples from the alluvial
aquifer collected with the DPT Hydrocone tool.
However, results from both sample collection
methods indicate that BTEX compounds (primarily
xylenes) were detected in water samples from the
alluvial aquifer at depths less than about 35 feet,
with highest BTEX concentrations measured in
water samples from offsite stations OSGWS and
OSGW6 (table 10).

Minor differences between the first and second
sample concentrations of benzene and xylene are
reported for water samples from wells at stations
OSGWS5 and OSGW6 (table 10). Benzene and
xylene concentrations were usually (but not always)
lower in the second water sample, by 0.7 pg/L or
less. These differences in concentrations between
the first and second samples may be the result of
the 2-month period between sample collection, or
different lengths of time the wells were purged
before sampling. Benzene and xylene were not
detected in blanks, so these differences are not
attributed to a QA/QC problem.

BTEX concentrations are significantly lower in
ground-water samples collected from offsite stations
than those collected onsite, regardless of the sample
collection method used. In water samples collected
with the DPT Hydrocone tool in the alluvial aquifer
at onsite stations 2 and 5, ethylbenzene was
detected at the highest concentrations, ranging
between 2 and 1,900 pg/L (fig. 9). Similar ranges
in benzene, toluene, and xylene concentrations also
were measured in these samples (Parks and others,
1993).

Considering ground-water samples from all
offsite stations, xylene was the BTEX compound
detected at the highest concentrations. Xylene
concentrations ranged between 0.2 and 790 pg/L in
water samples collected with the DPT Hydrocone
tool (table 8); and ranged between <0.2 and
0.3 pg/L in pumped water samples (table 10).
Where detected, ethylbenzene and toluene ranged
between 2 and 10 pug/L in water samples collected
with the DPT Hydrocone tool (table 8); and <0.2
and 0.3 pg/L in pumped water samples (table 10).
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Table 10. Concentrations of volatile and semi-volatile organic compounds detected in water samples collected by
pumping 36 wells at offsite stations OSGW1 through OSGWS6 near the American Creosote Works abandoned plant
site, October 1992-January 1993

[Concentrations are in micrograms per liter (ug/L); (TDEC) Tennessee Department of Environment and Conservation, 1993, (MCL) primary
maximum contaminant level for drinking water; values given as < (less than) indicate that the concentration was below the level of detection for the
analytical method used and do not indicate the presence or absence of a compound; "none” indicates no established maximum contaminant level for

the compound; — indicates no second sample collected]

Analytical Concantration
mathod datected
Synthatic organic minimum Wells in which TDEC
compound detection limit datactad First sampla Sacond sample MCL
Volatile organic compounds
Benzene 0.2 OSGW4-3 (Md:G-387) 04 - 5
OSGWS-3 (Md:G-393) 2 <0.2
OSGW6-1 (Md:G-397) 4 -
OSGW6-3 (Md:G-399) 4 -
OSGW6-5 (Md:G-401) 2 -
OSGW6-6 (Md:G-402) 2 < .2
Bromodichloromethane 2 OSGW54 (Md:G-394) 2 - none
Bromoform 2 OSGWS5-4 (Md:G-394) 4 - none
Chloroform 2 OSGW1-5 (Md:G-371) 2 - none
OSGW5-4 (Md:G-394) 2 --
Dibromochloromethane 2 OSGWS5-4 (Md:G-394) 7 - none
1,2-Dichlorobenzene 2 OSGW2-1 (Md:G-373) .6 - none
cis-1,2-Dichloroethylene 2 OSGWe6-1 (Md:G-397) 2 - none
Ethylbenzene 2 OSGW6-1 (Md:G-397) 2 - none
OSGW6-3 (Md:G-399) 3 -
Naphthalene 2 OSGW4-1 (Md:G-385) .6 - none
OSGW4-2 (Md:G-386) 3.0 --
Toluene 2 OSGW4-1 (Md:G-385) 2 - none
OSGW4-5 (Md:G-389) 2 --
OSGW6-2 (Md:G-398) 2.1 3
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Table 10. Concentrations of volatile and semi-volatile organic compounds detected in water samples collected by
pumping 36 wells at offsite stations OSGW1 through OSGW6 near the American Creosote Works abandoned plant

site, October 1992-January 1993--Continued

Analytical Concentration
detected
Synthetic organic Welle in which TDEC
compound detection limit detected First sample Second sample MCL
Volatile organic compounds—Continued
Trichloroethylene OSGW6-1 (Md:G-397) 1.6 - 5
OSGW6-2 (Md:G-398) 90 2
OSGW6-3 (Md:G-399) 20 -~
1,2,4-Trimethylbenzene OSGW6-1 (Md:G-397) 3 - none
OSGW6-2 (Md:G-398) < .2 2
OSGW6-3 (Md:G-399) 4 -
OSGW6-5 (Md:G-401) 2 -
OSGW6-6 (Md:G-402) 2 < .2
Total Xylenes OSGW4-6 (Md:G-390) N - none
OSGWS5-5 (Md:G-395) 2 -
OSGW6-1 (Md:G-397) 1.0 -
OSGW6-2 (Md:G-398) < .2 4
OSGW6-3 (Md:G-399) 1.6 -
OSGW6-5 (Md:G-401) .9 -~
OSGW6-6 (Md:G-402) g < .2
Semi-volatile organic compounds
bis(2-Ethylhexyl)phthalate OSGW1-5 (Md:G-371) 9 - 6
OSGW1-6 (Md:G-372) 27 -
OSGW2-5 (Md:G-377) 9 -
OSGW3-6 (Md:G-384) 25 -
OSGW4-6 (Md:G-390) 8 -~
OSGW5-4 (Md:G-394) 15 -
OSGW6-5 (Md:G-401) 13 -
Butyl benzyl phthalate OSGW6-2 (Md:G-398) 9 -
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Benzene was not detected in any offsite water sam-
ple collected with the DPT Hydrocone tool

(table 8); however, benzene concentrations ranged
between <0.2 and 0.4 ug/L in the first samples
from pumped wells screened in the alluvial aquifer
(table 10).

A conservative estimate shows that BTEX con-
centrations in water samples from the alluvial aqui-
fer have been reduced significantly. Xylene con-
centrations have been reduced by at least 50 percent
as this compound has migrated with ground water
toward the offsite stations.

BTEX compounds were not detected in any
water sample collected from the Fort Pillow aquifer
at onsite stations 2 and 5 (Parks and others, 1993).
BTEX compounds were detected in water samples
from several of the 18 wells screened in the Fort
Pillow aquifer at the offsite stations. These water
samples were collected from pumped wells, because
the DPT Hydrocone tool could not penetrate into
the Fort Pillow aquifer. Benzene was measured in
samples from wells OSGW6-5 (82-92 feet) and
OSGW6-6 (120-130 feet) at a concentration of
0.2 ug/L (table 10). Xylenes also were measured
in these samples at concentrations of 0.9 and
0.7 ng/L, respectively (table 10).

Trihalomethanes (bromodichloromethane,
dibromochloromethane, bromoform, and chloro-
form) were detected in one water sample from well
OSGW5-4 (40-50 feet) pumped from the Fort Pil-
low aquifer at concentrations ranging between 0.2
and 0.7 ug/L (table 10). The presence of trihalo-
methanes in a water sample from the Fort Pillow
aquifer is problematic because trihalomethanes are
not by-products of the wood-preserving processes,
and no trihalomethanes were detected in water sam-
ples from onsite wells. The sum of trihalomethane
concentrations (including bromoform, chloroform,
bromodichloromethane, dibromochloromethane) in
a sample from well OSGWS5-4 is 1.5 pg/L, which is
below the primary MCL of 100 ug/L for this class
of compounds (U.S. Environmental Protection
Agency, 1992),

SVC’s in water samples collected offsite from
the 36 wells at the six stations were analyzed by the
NWQL (table 9). The list of analytes includes
PAH’s and phenolic compounds including PCP that
characterize creosote contamination. However, this
list does not contain many of the phenolic and
nitrogen-containing heterocyclic compounds ana-

lyzed by HPLC (Parks and others, 1993) (table 6).
Some HPLC analytes (such as substituted
naphthalenes, methyl phenols, and quinoline) are
alteration products specific to creosote contamina-
tion (Goerlitz and others, 1985); however, these
compounds are not routine SVC analytes by the
NWQL (table 9).

SVC’s, PAH’s, phenolic compounds, and
phthalic acid esters that were detected onsite in
ground-water samples at stations 2 and 5 (Parks and
others, 1993) or from shallow monitoring wells
(S&ME, Inc., 1988) were: acenaphthene, acenap-
hthylene, anthracene, 1,2-benzo(a)anthracene,
benzo(b and/or k)fluoranthene, benzo(a)pyrene,
bis(2-ethylhexyl)phthalate, chrysene, fluoranthene,
fluorene, naphthalene, PCP, phenanthrene, phenol,
2,4-dimethylphenol, and pyrene. SVC’s analyzed
for (but not necessarily detected; S&ME, Inc.,
1988) in onsite ground-water samples, but not
included on the NWQL list of analytes were:
biphenyl, dibenzofuran, dibenzothionate, substituted
naphthalenes (1-methylnaphthalene, 2-methylnaph-
thalene, dimethylnaphthalene, trimethylnaphthalene,
phenylnaphthalene), methylphenanthrene, methyl-
pyrene, and naphthenecarbonitrile.

PAH’s represent 85 percent of the compounds in
creosote by weight (Goerlitz and others, 1985). As
a group, these compounds show slight aqueous
solubility, and tend to partition to non-aqueous
phases. Of the PAH’s considered here, naphthalene
has the highest aqueous solubility at a concentration
of 30 milligrams per liter (mg/L) (Goerlitz, 1992),
compared to anthracene and phenanthrene, which
have a greater molecular weight and lower aqueous
solubility. Despite the common presence of PAH’s
in onsite ground-water samples, no PAH’s were
detected in water samples from wells at the offsite
stations when analyzed for SVC’s (table 10). How-
ever, when ground-water samples were analyzed for
naphthalene as a VOC by the NWQL, it was
detected in samples from offsite wells OSGW4-1
(10-15 feet) and OSGW4-2 (22-27 feet), screened in
the alluvial aquifer, at concentrations of 0.6 and
3.0 ug/L, respectively (table 10).

Several environmental factors probably contrib-
uted to the attenuation of PAH concentrations as
ground water migrated from onsite to offsite areas.
These factors are microbial degradation (Goerlitz
and others, 1985; Madsen and others, 1991), and
sorption onto clay-mineral surfaces.
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Phenolic compounds as a group show greater
aqueous solubility than PAH’s, with the exception
of PCP. The aqueous solubility of dimethyl
phenols (4,000 mg/L) and phenols (80,000 mg/L;
Goerlitz, 1992) suggests that these compounds may
partition from the NAPL into ground water. In
contrast, experimental calculations suggest that PCP
has an aqueous solubility of 5 to 10 mg/L at a pH
range of 5 to 6 (Goerlitz and others, 1985), similar
to the pH range measured in offsite ground-water
samples. Compared to other phenols, PCP would
tend to remain in the NAPL.

Phenols and methylphenols were shown to be
degraded by microbes at the Pensacola, Florida
ACW abandoned plant site (Goerlitz and others,
1986; Goerlitz, 1992). Dimethylphenols and PCP
resist or possibly inhibit biodegradation (Chapelle,
1993). Of all phenolic compounds analyzed for
(table 6), dimethylphenols (for example
2,4-dimethylphenol and 3,5-dimethylphenol) would
be expected to travel with ground water because of
their relatively high aqueous solubilities and resis-
tance to biodegradation. However, no dimethyl-
phenols or PCP were detected in water samples
from wells at the offsite stations.

Nitrogen-containing heterocyclic compounds
such as quinoline represent approximately S percent
of the compounds in creosote by weight (Goerlitz
and others, 1985). These compounds are readily
altered in both aerobic and anaerobic conditions.
Consequently, nitrogen-containing heterocyclic
compounds commonly are not detected in ground-
water samples except by immediate analysis or in
samples preserved with mercuric chloride bacteri-
cide (Godsy and Goerlitz, 1986; Goerlitz, 1992).
No nitrogen-containing heterocyclic compounds
were detected in water samples from wells at offsite
stations (D.F. Goerlitz, U.S. Geological Survey,
written commun., 1992), which were preserved
with mercuric chloride and analyzed immediately
on receipt at the NRP laboratory.

Two other SVC’s were detected in offsite
ground-water samples: bis(2-ethylhexyl)phthalate
and butyl benzyl phthalate. Both compounds are
used as plasticizers in PVC resins, with bis(2-
ethylhexyl)phthalate used most commonly (U.S.
Environmental Protection Agency, 1990). Bis(2-
ethylhexyl)phthalate was measured in some water
samples from offsite wells screened in the Fort
Pillow aquifer, at concentrations ranging between 8

and 27 pg/L (table 10). These plasticizers are not
associated specifically with wood-preserving pro-
cesses, and are considered ubiquitous in the envi-
ronment (U.S. Environmental Protection Agency,
1990). Currently, MCL’s have not been estab-
lished for phthalates, although a MCL of 100 ug/L
has been proposed for butyl benzyl phthalate (U.S.
Environmental Protection Agency, 1990). All
phthalate concentrations measured in offsite ground-
water samples were below this proposed MCL.

Dissolved trace elements were measured in
samples from the 36 wells at the offsite stations
(table 11). Barium, cobalt, iron, manganese,
nickel, strontium, and zinc commonly were
detected; however, concentrations of these trace
elements were below established primary MCL’s
(Tennessee Division of Environment and Conserva-
tion, 1993) in all water samples from offsite wells.
For comparison, the dissolved trace elements that
commonly were detected in onsite ground-water
samples were barium, cadmium, chromium, cop-
per, iron, lead, and nickel (S&ME, Inc., 1988).

Maximum dissolved iron concentrations were
measured in water samples from offsite wells
screened in the alluvial aquifer, specifically in
samples from depths of 10 to 18 feet (table 11).
Iron concentrations in these samples ranged
between 70 and 20,000 ug/L, with the highest
concentration measured in a water sample from well
OSGW6-1 at a depth of 10 to 15 feet (table 11).
These high iron concentrations cannot be related
specifically t0 contamination from wood-preserving
processes, although ferrous (Fe?*) iron may exist
in solution due to reducing conditions or a result of
microbial activity in the alluvial aquifer (Chapelle,
1993).

Dissolved chromium was measured at concentra-
tions ranging from 11 to 47 ug/L in onsite water
samples from the alluvial and Fort Pillow aquifers
(S&ME, 1988) (fig. 10). By comparison, chro-
mium was measured in some water samples from
offsite wells screened in both the alluvial and Fort
Pillow aquifers, but at concentrations of 1 to
2 pg/L (table 11). All chromium concentrations
measured in offsite ground-water samples were
below the primary MCL of 50 ug/L (Tennessee
Department of Environment and Conservation,
1993).

Dissolved barium commonly was detected in
offsite water samples from the alluvial aquifer and
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the Fort Pillow aquifer, at concentrations ranging
between 9 and 180 ug/L (table 11). These concen-
trations are below the primary MCL of 1,000 pg/L
(Tennessee Division of Health and Environment,
1993). The median barium concentrations for
water samples from wells screened in the alluvial
aquifer (60 ug/L) and the Fort Pillow aquifer

(33 pg/L) are consistent with the median barium
concentration reported for U.S. public water sup-
plies (43 ug/L; Hem, 1985).

Dissolved strontium commonly was detected in
offsite ground-water samples at concentrations rang-
ing between 38 and 180 pg/L (table 11). The
median strontium concentrations for water samples
collected from the alluvial aquifer (110 pg/L) and
Fort Pillow aquifer (85 ug/L) are consistent with
the median value of strontium concentration
reported for U.S. public water supplies (110 ug/L;
Hem, 1985).

Selected water-quality characteristics and con-
centrations of dissolved major inorganic constituents
were measured in water samples from the 36 wells
at the offsite stations (table 12). Generally, median
values for dissolved solids, hardness, and specific
conductance were higher in samples from wells
screened in the alluvial aquifer, compared to those
from wells screened in the Fort Pillow aquifer.
The range of pH in water samples from the alluvial
aquifer (5.3 to 6.5) was comparable to the pH
range measured in samples from the Fort Pillow
aquifer (5.4 to 6.5) (table 12).

Dissolved major inorganic constituent concen-
trations in offsite water samples did not differ sig-
nificantly between the alluvial aquifer and the Fort
Pillow aquifer (fig. 13). Mean values of selected
major inorganic constituent concentrations were
generally higher in the alluvial aquifer, particularly
for chloride and sulfate.

Dissolved chloride concentrations, and values
for dissolved solids and hardness were high in
water samples from wells screened in the alluvial
aquifer at stations OSGWS5 and OSGW6, compared
to concentrations of these constituents in other
water samples from the alluvial aquifer (table 12).
High chloride, dissolved solids, and hardness con-
centrations are not specific indicators of contamina-
tion from the wood-preserving processes; however,
higher concentrations of these constituents and char-
acteristics indicate slight degradation of water
quality in alluvial aquifer wells at stations OSGWS

and OSGW6. This interpretation is consistent with
the measurement of BTEX compounds and trichlo-
roethylene in water samples from these wells
screened in the alluvial aquifer.

POTENTIAL FOR WATER-SUPPLY
CONTAMINATION

Potential for contamination of water-supply
wells was assessed during this investigation because
of concern that contaminants from the ACW site
may have reached upgradient municipal wells at the
JUD South Well Field east of the site, or down-
gradient domestic, industrial, and agricultural-
supply wells west of the site (fig. 14). Many of
these wells are screened in the Fort Pillow aquifer
(table 13). The regional ground-water flow direc-
tion in the Fort Pillow aquifer generally is from
east to west in the area of the South Well Field and
the ACW site (Parks and Carmichael, 1990a,
fig. 2), neglecting the effects of pumping at the
well field.

Concern about contamination problems at the
JUD South Well Field (fig. 14) and a need for
hydrologic information to plan a well-head protec-
tion program for the JUD North and South Well
Fields were the impetus for two previous USGS
investigations. A pilot study was conducted to
assess data needs and to demonstrate several meth-
ods for a preliminary delineation of areas contribut-
ing water to the JUD well fields (Broshears and
others, 1991). A second study included the use of
a computer model to simulate the three-dimensional
ground-water-flow system in the sand aquifers in
the Jackson area for hydrologic conditions in April
1989. A particle-tracking-program was applied to
output from the flow model to determine areas
contributing water to the JUD well fields (Bailey,
1993).

For this investigation, the particle-tracking
program was used to determine whether water from
the area of the ACW site could have reached the
JUD South Well Field under pumping conditions in
1978, a time when pumping at this well field was at
a maximum. Although the simulation showed that
most ground water from the area of the ACW site
traveled southward to the South Fork Forked Deer
River, some particles of water were shown to be
deflected toward the South Well Field because of
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Table 12. Water-quality characteristics and concentrations of major inorganic constituents in water samples from 36
wells at offsite stations OSGW1 through OSGWS6 near the American Creosote Works abandoned plant site

[USGS, U.S. Geological Survey; °C, degrees Celsius; uS/cm, microsiemens per centimeter; mg/L, milligrams per liter. Values gives as < (less
than) indicate that the concentration was below the level of detection for the analytical method used and do not indicate the presence or absence of a

constituent]

Field Field Solids, Field Hard-
Well numbers Screened temper-  Field specific residue alka- ness, Calcium,
Project USGS local Interval below ature pH conductance at 180 °C linity total dissolved
and for land eurface, Date water {standard wS/cm dissolved (mg/L a8 ([(mg/L as [mg/L as
map Tennessee in feet sampled {°C) units) at 25°C) {mg/L) CaCO4) CaCOy) Ca)
OSGW1-1 Md:G-367 13 - 18 10-22-92 183 5.8 194 130 16 44 11
OSGW1-2 Md:G-368 19 - 24 10-22-92 19.8 5.5 204 128 14 45 11
OSGW1-3 Md:G-369 27 - 32 10-22-92 18.3 5.7 145 86 10 36 9.4
OSGW1-4 Md:G-370 42 - 52 11-04-92  21.1 6.3 184 121 35 53 16
OSGW1-5 Md:G-371 92 - 102 11-04-92 20.5 6.0 96 72 28 28 7.6
OSGW1-6 Md:G-372 128 - 138 11-04-92 15.4 6.2 96 69 24 22 55
OSGW2-1 Md:G-373 10 - 15 10-22-92 18.9 5.6 237 150 24 54 12
OSGW2-2 Md:G-374 17 - 22 10-23-92 18.5 6.1 209 131 20 50 12
OSGW2-3 Md:G-375 24 - 29 10-23-92 18.4 6.5 206 136 23 53 13
OSGW24 Md:G-376 62- 72 11-06-92 19.4 6.3 201 132 28 62 15
OSGW2-5 Md:G-377 92 - 102 11-06-92 15.4 6.0 127 100 32 32 8.5
OSGW2-6 Md:G-378 127 - 137 11-05-92 18.8 6.5 110 71 28 28 79
OSGW3-1 Md:G-379 8- 14 10-28-92 19.0 5.9 195 124 14 43 10
OSGW3-2 Md:G-380 15 - 20 10-28-92 18.3 6.0 247 164 26 59 14
OSGW3-3 Md:G-381 24 - 29 10-30-92 17.2 6.1 217 135 21 53 13
OSGW3-4 Md:G-382 36 - 46 10-29-92 19.9 6.5 198 128 27 47 12
OSGW3-5 Md:G-383 68 - 78 10-29-92 18.9 6.5 181 118 26 40 10
OSGW3-6 Md:G-384 138 - 148 11-03-92 16.8 59 74 64 23 19 5.3
OSGW4-1 Md:G-385 10 - 15 11-20-92 18.6 5.9 127 66 24 24 5
OSGW4-2 Md:G-386 22 - 27 11-20-92 18.0 5.6 201 124 14 49 12
OSGW4-3 Md:G-387 36 - 41 11-20-92 18.5 5.8 63 40 13 14 3.5
OSGW4-4 Md:G-388 48 - 58 11-20-92 18.8 5.6 84 68 12 18 4.6
OSGW4-5 Md:G-389 78 - 8% 11-23-92 17.4 59 81 48 18 15 4.1
OSGW4-6 Md:G-390 117 - 127 11-20-92 16.7 5.7 34 26 19 9 2.6
OSGW5-1 Md:G-391 12 - 17 11-19-92 19.2 6.0 305 159 32 50 13
OSGW5-2 Md:G-392 19 - 24 11-19-82 171 5.4 263 156 10 50 12
OSGW5-3 Md:G-393 27 - 32 11-19-92 20.0 53 261 152 11 54 13
OSGW5-4 Md:G-394 40 - 50 11-09-92 17.0 59 168 99 24 42 12
OSGWS-5 Md:G-395 83 - 93 11-19-92 16.9 54 110 93 24 28 13
OSGW5-6 Md:G-396 113 - 123 11-23-92 16.4 57 74 55 12 14 3.6
OSGW6-1 Md:G-397 10 - 15 11-06-92 19.7 6.0 200 107 36 33 8.4
OSGW6-2 Md:G-398 19 - 24 11-07-92 18.4 5.6 361 224 12 68 17
OSGW6-3 Md:G-399 27 - 32 11-08-92 19.1 54 430 292 7 91 23
OSGW6-4 Md:G-400 51 - 61 11-08-92 16.6 58 197 121 19 49 12
OSGW6-5 Md:G-401 82 - 92 11-08-92 16.9 5.8 141 108 27 37 10
OSGW6-6 Md:G-402 120 - 130 11-07-92 15.7 59 74 56 18 20 59

- W E e m S w om e m Mo om o om ow E G W e % W oMM Moo M e w W M e e m S M M e s W O E e e e em ™ E omow om e oo oEm e ™M oa o omowmom ™ om & ® O oeow oW = =

Potential for Water-Supply Contamination

39



Table 12. Water-quality characteristics and concentrations of major inorganic constituents in water samples from 36

wells at offsite stations OSGW1 through OSGW86 near the American Creosote Works abandoned plant site--

Continued

Well numbers Screaned Magnesium, Sodium, Potassium, Chicride, Sulfste, Fluoride, Silica,
Project USGS locsl interval below disecived dissolvad dissolvad dissolved dissolvad distolved dissolved
and for land surfsce, Date imglL,as (mgfLas (mg/lLas (mglL as (mg/Las (mg/Las (mg/ ss
map Tennessee in feet sampled Mg) Ns) K) Ci) §0,) F) $i0,)
OSGW1-1 Md:G-367 13 - 18 10-22-92 39 17 1.6 13 40 <0.1 19
OSGW1-2 Md:G-368 19 - 24 10-22-92 4.1 18 1.8 14 43 <.l 20
OSGW1-3 Md:G-369 27 - 32 102292 2.9 10 1.6 29 12 <. 15
OSGW1-4 Md:G-370 42 - 52 11-04-92 32 12 4.2 14 7.1 <.1 13
OSGW1-5 Md:G-371 92 - 102 11-04-92 2.1 9.2 2.1 2.1 38 1 14
OSGW1-6 Md:G-372 128 - 138 11-04-92 1.9 12 1.5 7 7.3 <.1 14
OSGW2-1 Md:G-373 10 - 15 10-22-92 5.9 21 1.4 15 53 < .1 21
OSGW2-2 Md:G-374 17 - 22 10-23-92 4.7 16 1.6 16 33 <.1 12
OSGW2-3 Md:G-375 24 - 29 10-23-92 5.0 15 1.6 15 22 <.l 14
OSGW24 Md:G-376 62 - 72 11-06-92 6.0 14 2.0 13 27 <.l 19
OSGW2-5 Md:G-377 92 - 102 11-06-92 2.7 12 5.6 10 53 <.l 14
OSGW2-6 Md:G-378 127 - 137 11-05-92 2.1 11 i.1 8.1 2.4 <.l 14
OSGW3-1 Md:G-379 9- 14 10-28-92 4.4 17 1.3 13 45 <.l 20
OSGW3-2 Md:G-380 15 - 20 10-28-92 5.8 20 1.7 15 53 <.l 15
OSGW3-3 Md:G-381 24 - 29 10-30-92 4.9 16 1.7 16 29 <.1 12
OSGW3-4 Md:G-382 36 - 46 10-29-92 4.1 15 33 15 17 <.l 13
OSGW3-5 Md:G-383 68 - 78 10-29-92 3.6 15 1.6 14 16 <.1 13
OSGW3-6 Md:G-384 138 - 148 11-03-92 1.3 10 1.4 6.8 34 <.l 16
OSGW4-1 Md:G-385 10 - 15 11-20-92 2.7 7.2 1.0 8.6 12 <.l 22
OSGW4-2 Md:G-386 22 - 27 11-20-92 4.5 15 2.2 19 24 < .1 15
OSGW4-3 Md:G-387 36 - 41 11-20-92 13 54 1.0 5.0 1.5 <.l 14
OSGW4-4 Md:G-388 48 - 58 11-20-92 1.6 8.0 3.0 8.0 2.0 <.1 14
OSGW4-5 Md:G-389 78 - 89 11-23-92 1.2 8.8 1.4 6.8 2.4 <.1 14
OSGW4-6 Md:G-390 117 - 127 11-20-92 0.6 5.6 1.4 0.9 1.7 <.l 13
OSGWS5-1 Md:G-391 12 - 17 11-19-92 43 25 2.7 45 27 <. 22
OSGWS5-2 Md:G-392 19 - 24 11-19-92 4.9 24 2.1 38 24 <.l 16
OSGW5-3 Md:G-393 27 - 32 11-19-92 53 21 2.3 33 24 < .1 15
OSGW5-4 Md:G-394 40 - 50 11-09-92 3.0 12 1.5 12 13 3 17
OSGWS5-5 Md:G-395 83 - 93 11-19-92 2.3 8.8 9.0 10 4.1 <. 16
OSGWS-6 Md:G-396 113 - 123 11-23-92 1.1 71 1.3 7.7 1.3 < .1 15
OSGW6-1 Md:G-397 10 - 15 11-06-92 2.9 9.7 1.9 8.7 11 1 23
OSGW6-2 Md:G-398 19 - 24 11-07-92 6.2 39 2.6 69 26 <.l 18
OSGW6-3 Md:G-399 27 - 32 11-08-92 8.2 41 2.8 80 39 < .1 18
OSGW6-4 Md:G-400 51 - 61 11-08-92 45 17 1.8 17 22 <.l 19
OSGW6-5 Md:G-401 82 - 92 11-08-92 2.9 13 2.9 11 7.0 < .1 16
OSGW6-6 Md:G-402 120 - 130 11-07-92 1.3 58 1.3 5.2 1.2 <.l 15
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Table 14. Concentrations of volatile organic compounds detected in water samples collected from seven water wells
within a8 2-mile radius of the American Creosote Works abandoned plant site, November 1992-January 1993

[Concentrations are in micrograms per liter (ug/L); (TDEC) Tennessee Department of Environment and Conservation, 1993, (MCL) primary
maximum contaminant levels for drinking water; values given as < (less than) indicate that the concentration was below the level of detection for
the analytical method used and do not indicate the presence or absence of a compound; "none” indicates no established maximum contaminant level

for the compound; — indicates no second ssmple collected]

Analytical Concentration
method detected
Synthetic organic minimum Wella in which TDEC
compound detection limit detected First sample Second sample MCL
Chloroform 0.2 W9 (Md:G-278) 0.2 0.2 none

W13 (Md:G-283) 2 2

W14 (Md:G-327) 2 -

W16 (Md:G-329) 2 2
1,1-Dichloroethane 2 W14 Md:G-327) 3 - none
cis-1,2-Dichloroethylene 2 W16 (Md:G-329) < .2 2 none
Methylene chloride 2 w14 Md:G-327) 3 -- none

W46 (Md:G-403) .6 -
Tetrachloroethylene 2 w9 (Md:G-278) 2.4 25 none

W13 (Md:G-283) 2.2 31

W16 (Md:G-329) 45 69
Trichloroethylene 2 W14 (Md:G-327) 2 - 5

W16 (Md:G-329) 1.1 1.2
Trichlorofluoromethane 2 W16 (Md:G-329) 5 4 none
Trichlorotrifluoroethane 5 w14 Md:G-327) 1.5 - none

detected at concentrations of 2.4 and 2.5 ug/L (well
W9) and at 2.2 and 3.1 pg/L (well W13).
Detection of chloroform and tetrachloroethylene
in wells W9 and W13 is consistent with analytical
data obtained from these wells in September and
November 1987 (Broshears and others, 1991,
table 5). These previous analyses showed that chlo-
roform was detected at concentrations of 0.2 and
0.3 ug/L (well W9) and 0.3 pg/L in both samples
(well W13). Methylene chloride also was detected
at a concentration of 1.2 ug/L previously in a 1987
sample from well W13 (Broshears and others,

1991, table 5), but was not detected in the ground-
water samples collected for this investigation.

During September and November 1987, 2
samples were collected from each of 11 wells in the
JUD South Well Field and analyzed for 16 VOC’s
(Broshears and others, 1991, p. 12-13). Tetra-
chloroethylene was measured in water samples from
eight wells at concentrations ranging between 0.2
and 23 ug/L (Broshears and others, 1991, table 5).
Trichloroethylene was measured in water samples
from three wells at concentrations ranging between
0.3 and 3.3 pg/L. Low concentrations of
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trans-1,2-dichloroethylene (0.2 to 0.6 ug/L) and
benzene (0.2 to 1.4 ug/L) also were measured in
water samples from three wells. Groundwater
Management, Inc., (GM) in an unpublished report
to JUD, 1987, speculated that the source of these
VOC’s may be a leaky sewer receiving effluent
from a past or present user of the compounds
(Broshears and others, 1991, p. 11).

Tetrachloroethylene, trichloroethylene, and their
degradation products are among the most commonly
observed contaminants found in shallow ground-
water systems (Chapelle, 1993, p. 377). Tetrachlo-
roethylene and trichloroethylene are used in great
volumes as dry-cleaning fluids, refrigerants,
degreasing agents, and solvents. These compounds
also are relatively resistant to microbial degradation
under conditions commonly found in shallow
ground-water systems (Chapelle, 1993, p. 377).

Wells in the JUD South Well Field (fig. 14;
table 13) are located within an older part of Jackson
that is interspersed with industrial and commercial
establishments, including switching yards and main-
tenance facilities for railroads. Therefore, the
occurrence of the tetrachloroethylene, trichlor-
oethylene, and chloroform in the Fort Pillow aqui-
fer at the JUD South Well Field is problematic
inasmuch as these compounds may have entered the
aquifer from a single source, such as the leaky
sewer speculated by GM, or from multiple sources
in the well-field area. No VOC’s or SVC’s com-
monly associated with the wood-preserving pro-
cesses were detected in water samples from wells
W9 and W13,

Well W16, an industrial well installed in 1964
(table 13), is about 3/4-mile east of the ACW site
(fig. 14). This well is 132 feet deep, and is
screened in the Fort Pillow aquifer. Several VOC’s
were detected in water samples collected from this
well on November 25, 1992, and January 25, 1993
(table 14). Tetrachloroethylene was detected at
concentrations of 45 and 69 pg/L, trichloroethylene
at 1.1 and 1.2 ug/L, trichlorofluoromethane at 0.5
and 0.4 ug/L, chloroform at 0.2 ug/L (both sam-
ples), and cis-1,2-dichloroethylene at 0.2 ug/L (one
sample).

Detection of tetrachloroethylene and trichlor-
oethylene in water samples from well W16 extends
the area where these compounds have been detected
in samples from water-supply wells screened in the
Fort Pillow aquifer about 1/4 mile farther west than

had been determined previously (Broshears and
others, 1991). In addition, tetrachloroethylene (45
and 69 pg/L) in water samples from well W16
represents higher concentrations than any measured
in samples from wells in the JUD South Well Field
(Broshears and others, 1991, table<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>